Abstract -
INTRODUCTION
In Brazil, the feeding of ruminant animals is based on pasture, and on approximately 50% of the area of planted pastures, species of the genus Brachiaria are grown (Macedo 2009) . The breeding of these forage species is therefore economically relevant.
In Brachiaria species, one of the target traits for improvement is the total dry matter yield and traits related to the proportion of leaf blades. This plant component is preferred by cattle and has a higher nutritive value than the stem component (Baroni et al. 2010) , aside from being an important factor in the prediction of forage intake by cattle (Rego et al. 2006) .
Among the species of the genus Brachiaria, B. humidicola (Syn. Urochloa humidicola) has a particular ability to grow on poorly drained, acidic soils (Keller-Grein et al. 1996) . B. humidicola has a lower nutritive value than the other species of the genus Brachiaria ). This limitation could be overcome by breeding. Furthermore, other traits such as total dry matter (TDM) yield and seed dormancy could also be improved (Euclides et al. 2010) . The in situ digestibility of neutral detergent fiber of the stem and dry matter digestibility of the whole plant of B. brizantha were higher than that of B. humidicola (Brito et al. 2003) . These authors also reported a higher crude protein content of B. brizantha compared to B. humidicola.
One noteworthy aspect to ensure success in the breeding of a species is the availability of information on the genetic variability of traits of interest. Thus, the estimation of genetic parameters such as heritability, repeatability, genetic correlations between traits and genetic interactions with the cuts in the case of forage are important as orientation in breeding programs for genetic gain (Cruz and Carneiro 2006) . For the species B. humidicola, the information in the literature on genetic and phenotypic parameters is scarce.
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leaf and stem of progenies of the forage species B. humidicola, evaluated in nine harvest cuts. Moreover, the objective was to compare the selection of the best progenies firstly based on agronomic traits alone and then in combination with the main nutritive-value traits, using an additive selection index.
MATERIAL AND METHODS
The experiment was carried out at Embrapa Beef Cattle (lat 20° 27' S, long 54° 37' W and alt 530 m asl), in Campo Grande, MS. The soil type is an Alic Oxisol. According to the Köppen classification, the climate is tropical rainy, subtype AW, characterized by a well-defined dry season in the colder and a rainy season in the warmer months. The average annual temperature is 23 °C.
The genetic treatments consisted of 50 full-sib progenies of B. humidicola and their parents, cv. BRS-Tupi (apomictic cultivar) and H31 (sexual accession), both hexaploid (2n = 6x = 36). These progenies had been selected from among 364 progenies of the above biparental cross, in a preliminary assessment for qualitative characteristics of vigor, foliage density and abundant flowering. Of the selected progenies, 29 were apomictic and 21 sexual.
The experiment was initiated in January 2007, with 52 treatments of vegetatively propagated seedlings, in a randomized block design with eight replications. Each plot consisted of three plants spaced 1.0 m apart and rows spaced 1.0 m apart, covering an area 3.0 m 2 , of which 1.0 m 2 was separated to assess seed production, resulting in an evaluation area of 2.0 m 2 per plot. Pensacola bahiagrass was planted along the borders, surrounding the plots.
The grass on the plots was cut nine times at about 10 cm from the ground, at regrowth intervals of 30-35 days in the rainy season and intervals of 60 days in the dry season. At cutting, the grass had grown to a height of about 30 cm. Of these cuts, seven occurred in the rainy season (11/27/2007, 01/21/2008, 02/25/2008, 10/08/2008, 12/09/2008, 01/28/2009, and 04/02/2009) At each cut, five agronomic traits were evaluated. The total dry matter yield (TDM, kg ha -1 ) was estimated from the green matter yield and dry matter percentage. The leaves, stems and dead material were morphologically separated in four of eight replications and based on the weight of the components, the leaf percentage was determined (%L), as well as the leaf: stem ratio (LSR). The leaf dry matter (LDM, kg ha -1 ) yield was also determined from the TDM and % L. Care was taken to use always the same four replications for the sampling for morphological separation in all cuts.
The ability of regrowth of the progenies was scored seven days after each cut, based on the combination of density (score 1: less than 20% of regrown tillers, 2: 20% -40%, 3: 40% -60%, 4: 60 -80%, and 5: more than 80%) and rate of tiller regrowth (low, medium and high height growth) ( Table 1) . As expected, regrowth could not be evaluated after the two harvest cuts in the dry season, because seven days after the cuts, there was not enough volume for a sound comparison of the progenies.
Dried and ground samples of leaf and stem cuttings were analyzed separately for their nutritive value, using near infrared spectroscopy (NIRS) (Marten et al. 1985) .
The following nutritive-value traits were assessed on a dry matter basis: crude protein (CP), in vitro organic matter digestibility (IVOMD), neutral detergent fiber (NDF), acid detergent fiber (ADF) and lignin contents (Lig).
The data were processed using a mixed model approach and software SELEGEN REML/BLUP (Resende 2007a ). Since each trait was evaluated in several cuts per plot, firstly one analysis per harvest cut was run. Subsequently, based on the heterogeneity of residual variances evidenced by the variation of estimates of the individual heritabilities per cut, the phenotypic data were standardized by multiplying the data of each trait in each cut by the expression (Resende et al. 2008) , in which h² ik is the plant heritability for trait i in cut k and h² i the average plant heritability of k cuts for trait i.
With the standardized data, combined analysis was performed, considering all cuts, according to the following statistical model: ), s p 2 is the variance associated with the plot effects; i: vector of the effects of the genotype x cut interaction (random), where i ~ NMV (0, Is gc 2 ), s gc 2 is the variance component associated with the effects of the genotype x cut interaction; e: vector of random errors, where e ~ NMV (0, I s p 2 ) and X, Z, W and T: incidence matrices for m, g, p and i, respectively. The variance components and prediction of random effects, especially those of genotypic values associated with the progenies, were estimated by REML/BLUP (restricted maximum likelihood / best linear unbiased prediction) (Resende 2002 (Resende , 2007b ).
The experimental precision was assessed by estimating the accuracy, as proposed by Resende and Duarte (2007) . In addition, the following genetic parameters were estimated: heritability of the progeny mean ( h m 2 ), genetic correlations of genotypes across the cuts (r gc ), average repeatability of the cuts (r m ), coefficient of determination (R 2 ), and gain with selection for each trait based on the predicted genotypic values of the 10 best progenies.
To investigate the association between the traits, the genetic correlation (r G(x,y) ) among traits was estimated by the equation (Bernardo 2010): , where: is the covariance between traits x and y;
and : estimates of genetic variance among progenies for the traits x and y. The procedure described by Holland (2006) was used to calculate the standard errors associated with genotype correlations, where a standard error of at least 50% below the estimate (statistic t ≅ 2) was considered significant (P <0.05) (Steel et al. 1997 ).
In the selection for genetic improvement and gain for multiple traits simultaneously, in the rainy and dry seasons, the following additive index was adopted (Resende 2007b ):
, where: I j : index value associated with progeny j; : predicted genotypic value of progeny j for trait i; w i : proportional importance or presumed economic weight associated with trait and : estimated genotypic standard deviation for trait i.
Initially, the 10 best progenies were selected considering equal economic weights among agronomic traits (Index 1). Later, in addition to agronomic traits, the following traits of nutritive value were used: crude protein, neutral detergent fiber and in vitro digestibility of leaf organic matter, composing the second index (Index 2), i.e., to select progenies with not only higher yields but also enhanced nutritional value. The economic weights assigned in the second index were 0.14 for each agronomic and 0.10 for each nutritive-value trait, so that the weight of the agronomic traits was 70% and of the nutritive-value traits 30%. Based on the progeny ranking by these indices, the gain with selection by the predicted genotypic values was estimated for each trait.
The best progenies selected by the indices were plotted on a polar graph, as proposed by Nunes et al. (2005) . For this purpose, standardized breeding values were obtained from the genotypic values of the progenies for each trait by the expression:
, where z ij is the standardized genetic value of progeny j for trait i and is the estimate of genotypic variance for trait i.
RESULTS AND DISCUSSION
In the separate analyses for each cut, significant variation was detected in the values of individual heritabilities ( ) of the traits assessed (data not shown). According to Resende (2007b) , this shows the presence of heterogeneity of the variances or otherwise, varied accuracy in the evaluation of the progenies depending on the cut. In this case, the data for each cut were weighted by the ratio of the square root of estimated at the cut and the square root of the mean in the various cuts for each trait, as described by Resende (2007b) . According to Resende et al. (2008) , this data transformation prior to combined analysis is desirable, since, in the REML/BLUP-predicted genotypic values in the combined analysis, the data of all harvest cuts will be weighted by an average heritability of all cuts.
Selection based on all cuts was favorable, because the accuracy for most traits was above 67% (Table 2 ), a condition classified as high experimental precision (Resende and Duarte 2007) . Another important aspect in this context is the fact that the estimate of genotypic variance ( ) in progenies was significantly non-zero (P<0.05) for all agronomic traits (Table 2) , indicating the existence of genetic variability and the possibility of gain with selection. This information was confirmed by the range of variation of the predicted genotypic values of progenies in relation to the mean from 21.5% to 74.6% among traits (Table 2 ). For the nutritive-value traits, was significantly non-zero (P<0.05), except for stem crude protein (stCP) (P>0.05) ( Table 2) . Genetic variability for nutritive value was less significant than for agronomic traits, since the range of variation of the genotypic values was smaller (2.11% -14.11%) ( Table 2) .
Estimates of heritability in the progeny mean ( ) were above 59% for the traits TDM,% L, LDM and Regrowth (Table 2) , indicating a greater chance of selecting progenies genotypically superior for these agronomic traits, while for LSR, the greatest fraction of phenotypic variation was caused by environmental variation. Similar values were reported for the traits LDM, F% and regrowth for accessions of B. brizantha (Basso et al. 2009 ), for which estimates UJ Figueiredo et al.
were found ranging from 64% to 97% for LDM; 73% to 96% for %L and 43% to 92% for regrowth. found a for TDM of 42% for the dry and 54% for the rainy season, in the evaluation of Brachiaria hybrids.
The nutritive-value traits lCP, NDFl, IVOMDl, ADFst and LIGst also had values above 59% (Table 2) . In an evaluation of B. brizantha hybrids of 30% was observed for the in vitro dry matter digestibility of leaves and 36% for stems (Senanayake 1994) . From the standpoint of selection, the nutritive-value traits of leaves: lCP, NDFl and IVOMDl proved interesting, since most of the observed phenotypic variation in these traits had a substantially genetic nature and could be combined with the agronomic traits. This would allow for the selection of progenies with a higher proportion of leaves and increased nutritive value.
In forage plants, several measurements must be carried out on the same plot. The possible occurrence of a genotype x cut interaction should therefore be verified. The variance of the genotype x cut interaction was significant (P<0.05) for agronomic and nutritive-value traits, except for stem lignin (LIGst) ( Table 2 ). The presence of this interaction indicates that the performance of the progenies was not consistent across the cuts for these characters. A similar result was observed by Lédo et al. (2008) in an evaluation of 23 genotypes of Panicum maximum and of 17 clones of Pennisetum purpureum Schum by Daher et al. (2004) .
Another parameter that is directly related to the effect and nature of the progeny x cut interaction is the genotypic correlation between cuts. The values of the estimates of genotypic correlations between cuts (r gc ) were moderate to low (Table 2) , ranging from 0.2225 (LSR) to 0.5276 (regrowth) for agronomic traits and from 0.1376 (stCP) to 0.6816 (LIGst), for the nutritive-value traits, confirming the presence of progeny x cut interaction for most traits. This fact reinforces the importance of estimating the repeatability for the different traits in different measures (cuts), to increase the reliability of selection.
The repeatability coefficients based on the averages of cuts (r m ) for agronomic traits ranged from 0.6089 (LSR) to 0.8094 (Regrowth) ( Table 2) . These values are considered high for the parameter repeatability (Resende 2002) . Souza Sobrinho et al. (2010) found lower values for TDM in seven cuts of B. ruziziensis half-sib progenies. Martuscello et al. (2007) evaluated Panicum maximum progenies and found similar values for LDM and % L, and lower results for TDM. These high r m values for all traits indicate the possibility of selecting progenies that provided a maximum forage yield in the two years it took to complete the nine cuts. TDM: total dry matter yield (kg ha -1 );% L: percentage of leaves; LDM: leaf dry matter yield (kg ha -1 ); LSR: leaf: stem ratio; Regrowth: regrowth score; lCP: leaf crude protein (% DM), NDFl: neutral detergent fiber of leaves (DM%); ADFl: acid detergent fiber of leaves (DM%); IVOMDl: in vitro organic matter digestibility of leaves (%); LIGl : leaf lignin (% DM), stCP: stem crude protein (% DM); NDFst: neutral detergent fiber of stems (% DM); ADFst: acid detergent fiber of stems (% DM); IVOMDst: in vitro organic matter digestibility of stems (%); LIGst: lignin in the stems (% DM). * Significant by the χ 2 test, at 5% probability # Ratio of the difference between the maximum and minimum genotypic value predicted with the overall average For the traits lCP, NDFl, IVOMDl, and LIGst, coefficients of r m > 60% were also observed, and low to medium r m for the other nutritive-value traits (Table 2) . Ferreira et al. (1999) performed three harvests of alfalfa cultivars in two seasons and found lower r m for lCP, with estimates ranging from 0.2730 to 0.4189, however, for stCP, the r m ranged from 0.1348 to 0.3508, i.e., thus similar to the r m obtained in this study.
In addition to the repeatability estimated based on the cuts, the coefficients of genotypic determination (R 2 ) (Table 2) represent the accuracy with which the real genotypic value is being estimated. The R 2 values were high (> 85%), with the exception of LIGl and stCP. Therefore, these values are considered suitable for selection of improved genotypes (Resende 2002). Thus, the best apomictic progenies can be safely selected for evaluation in the Brazilian test network, to be released as new cultivars with improved agronomic as well as key nutritive-value traits of leaf and stem, especially because this analysis considered cuts in the rainy and dry seasons. The best sexual progenies are candidates for recombination, as mother plants in recurrent selection for this species.
In the context of simultaneous selection for several traits, knowledge about trait correlations is essential, especially with regard to the genetic correlation, since it reflects the possibility of an indirect selection and therefore the response correlated with selection. The reason is that the correlation may be caused by the action of pleiotropic and/or closely linked genes that affect the traits under study (Falconer and Mackay 1996) .
Among the agronomic traits, the genotype correlations were high and positive for the pairs LDM-TDM, TDMRegrowth and LDM-Regrowth (r = 0.93 ± 0.03, 0.97 ± 0.06 and 0.91 ± 0.08, respectively). This indicates a favorable condition for the selection of high-yielding genotypes with improved regrowth and with the advantage of a high leaf dry matter in the total dry matter yield. This result is interesting since parallel to the selection for high yields, genotypes with higher regrowth are selected, which are capable of increasing the pasture carrying capacity and have high LDM. Basso et al. (2009) observed that the %L should be considered in multi-trait selection, in view of the low genotypic correlation with TDM and LDM. In this study, we observed an average value of the correlation of %L with TDM (0.49 ± 0.15) and zero (0.36 ± 0.19) with the LSR. These findings confirm the inclusion of this trait (%L) in the selection index together with the forage TDM for selection of desirable B. humidicola genotypes.
Considering the genotypic correlations between agronomic and nutritive traits of leaf and stem, there were a few highly correlated and significantly non-zero pairs (P <0.05), for example: TDM-stCP (-0.78), %L-lCP (-0.89), LDM-lCP (-0.70), LDM-ADFl (0.68), LDM-stCP (-0.78) and LSR-lCP (-0.76) and others with median values, e.g., TDM-lCP (-0.45), TDM-ADFl (0.47), %L-ADFl% (0.51), %L-NDFst (-0.49), %L-LIGst (-0.58), LSR-NDFl (0.44), Regrowth-lCP (-0.40), Regrowth-ADFl (0.44) and Regrowth-NDFst (-0.55). Interesting in this context are the negative correlations between LDM and TDM with stCP and lCP, demonstrating that the phenotypic expression of these traits was influenced by pleiotropic and/or linked genes, but acting in opposite directions. Thus, selection for higher yield will result in genotypes with lower levels of crude protein, which is undesirable. Reyes-Purata et al. (2009) observed a negative phenotypic correlation between dry matter yield and crude protein when evaluating 21 B. humidicola genotypes. These authors reported that in higher-yielding genotypes, the crude protein contents tend to decrease while those of neutral detergent fiber increase.
Using REML/BLUP, the selection gains (SG) can be obtained directly from the BLUP predictions of the progenies, since these reflect the estimated genotypic values already adjusted to the fixed environmental effects. In percentages, the direct SG ranged from 7.20% (%L) to 25.77% (LSR) among agronomic traits; for the nutritive value traits, the variation was -4.46 % (LIGst) to 4.00% (lCP), based on the selection of the best 10 progenies (Table 3) . It was observed that the SGs for the nutritive traits were lower than for the agronomic traits, but although lower, the gain was positive (Table 3) . High direct gains from selection for LDM (17.08) indicate the great potential of improvement expected for this trait in unimproved species.
In the B. humidicola improvement program, the best progenies must be selected considering good performance for a number of breeding target traits, so the use of a selection index is a promising method for simultaneous selection. The SG for the first index, which only involved agronomic traits with equal weight values, was 10.93%. For the second index, with agronomic traits worth 70% of the total value and for the traits lCP, NDFl and IVOMDl with equal weights worth 30%, the SG was 14.96% (Table 3) . The SG of progenies based on the indices 1 and 2 for the characters TDM, %L, LDM and regrowth were similar to the respective direct gains, however for LSR, the gain was 70% lower when compared to the direct selection. For the traits lCP and IVOMDl, gains were negative, and for NDFl, the gain was virtually zero for both indices (Table 3) . These results were confirmed by the coincidence in selection by the two proposed indices, of nine out of the ten progenies, of which six are apomictic and four are sexual progenies.
The absence of gains in the desired direction for the traits lCP and IVOMDl was explained by the negative genetic association between these and the agronomic traits. However,
the negative genetic correlation does not necessarily imply that progenies combining good agronomic performance and nutritive value cannot be obtained. Since this correlation is determined by the action of linked genes, success in simultaneous selection could be achieved by evaluating a larger number of progenies to raise the chances of finding promising recombinant genotypes within the population.
A graphical presentation as proposed by Nunes et al. (2005) was used to make it easier to visualize the average performance of the progenies selected for the evaluated traits based on the selection index. The performance of the sexual accession (H31) was below average for all agronomic traits, but superior for lCP, and NDFl and IVOMDl, which are very important to improve the nutritive value ( Figure  1) . The male parent (H16) on the other hand stood out with above-average performance, especially for TDM, LDM and Regrowth. This complementarity of the parents generated high variability among the progenies, indicating the potential of genetic variability in this population. It was shown that for the nutritive-value traits lCP, NDFl and IVOMDl, the performance of most progenies, such as of 146, 216 and 3, was not as good as for the agronomic traits (Figure 1) . However, the performance of the selected progenies (apomictic 120 and 193 and sexual 138 and 350) was better for most traits. It is worth remembering that progenies with lower contents are desirable for the trait neutral detergent fiber, since higher levels would slow down forage digestion.
From the above, it appears that the genetic variability among progenies was higher for the agronomic traits than for those related to the nutritive value. In the early stages, breeding programs for the species B. humidicola should therefore focus on the agronomic traits, evaluating the nutritive value in later stages. In addition, pasture management practices can contribute significantly to improve the nutritive value of forage, for example, by determining the time when the animals should start grazing so that the nutritive value of the plant is maximal (Da Silva and Nascimento Júnior 2007) . The use of additive selection indices together with the graphic representation allowed a clear visualization of the performance of the progenies combining the agronomic and nutritive value traits, allowing for a better selection of the most promising progenies. 
